1 

APPARATUS AND METHOD FOR DETERMINING A FAILURE IN AN 
AUTOMATIC TRANSMISSION 

INCORPORATION BY REFERENCE 
[0001] The disclosure of Japanese Patent Application No. 2002-298744 
5 filed on October 1 1 , 2002, including the specification, drawings and abstract is 
incorporated herein by reference in its entirety. 

BACKGROUND OF TH E INVENTION 
-L Field of th e Invention 

10 [0002] The invention relates to technology for detecting a failure in an 

automatic transmission, and more specifically, to technology for accurately detecting 
a cause of an increase in engine speed while running. 
2. Description of the Related Art 

[0003] An apparatus which detects a failure while running is typically 

15 provided in an automatic transmission mounted in a vehicle. The failure to be 
detected is, for example, an electrical failure such as a failure of a sensor or an 
actuator or the like, or a mechanical failure such as sticking of a shift valve or a shift 
solenoid, or slipping of a frictional engaging element. When these types of failures 
occur, a safety device activates and notifies the driver of the failure. The location of 

20 the failure can then be confirmed and the necessary repairs can be made. 

[0004] Japanese Patent Laid-Open Publication No. 1-172663, for example, 
discloses a failsafe control device for an electronically controlled automatic 
transmission, which detects a failure of a structural part of the automatic transmission. 
This control device includes a transmission input speed sensor, a circuit which 

25 calculates an actual gear ratio of the transmission based on one of a transmission input 
speed, a transmission output speed, and a vehicle speed, a circuit which obtains a 
regular gear ratio, a circuit which compares the regular gear ratio with the calculated 
gear ratio, and a circuit which detects a failure of a structural part of the automatic 
transmission based on the comparative results. 

30 [0005] The failsafe control device calculates the actual gear ratio of the 

automatic transmission based on one of the detected input speed, output speed, and 
vehicle speed. On the other hand, the regular gear ratio is calculated based on a shift 
lever position and an output state of a shift solenoid, for example. Therefore, when 
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the difference between the actual gear ratio and the regular gear ratio deviates from a 
preset value, a failure is detected in the automatic transmission. 

[0006] When the automatic transmission has been instructed to shift to a 
predetermined gear speed, two kinds of failures may occur: a failure in which the 
5 transmission of torque is interrupted (hereinafter referred to as "first failure") and a 

failvffe in which application of the frictional engaging element is insufficient such that 
the frictional engaging element slips (hereinafter referred to as "second failure"). 

[0007] The first failure occurs due to an abnormality in the control valve 
which directly controls the hydraulic pressure supplied to the frictional engaging 

10 element with which the predetermined gear speed is established. In this case, because 
the fiictional engaging element is not fiiUy applied, torque may not be transmitted, 
which may result in the transmission being in a neutral state. At this time the speed of 
the power source increases because there is almost no load on the power source. On 
the other hand, the second failure occurs due to a failure of a regulator valve which 

15 regulates the hydraulic fluid discharged from an oil pump. When the regulator valve 
fails, the base pressure (so-called line pressure) of the hydraulic fluid of the automatic 
transmission decreases. As a result, the hydraulic pressure supplied to the frictional 
engaging element also decreases. In this case, the amount of torque (i.e., torque 
capacity) able to be transmitted by the frictional engaging element decreases. As a 

20 result, only a portion of the torque input to the automatic transmission is transmitted, 
which may result in an increase in speed of the power source. 

[0008] While it is possible for the control device to detect whether there is 
a failure in the automatic transmission, it is not easy to determine the cause of that 
failure when there are conceivably two or more causes. That is, when the speed of the 

25 power source increases while the vehicle is running in a predetermined gear speed, it 
is not easy to identify a state of the automatic transmission which could bring about 
such an increase. 

SUMMARY OF THE INVENTION 
30 [0009] In view of the foregoing problems, the invention thus provides an 

apparatus and method for determining a failure in an automatic transmission, which is 
capable of accurately determining a cause of an increase in speed of a power source. 

[0010] An apparatus for determining a failure in an automatic transmission 
in a vehicle while running according to a first aspect of the invention includes a 
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detecting portion which detects an operating state of the automatic transmission; an 
estimating portion which estimates the operating state when the automatic 
transmission is in a neutral state in which transmission of power is interrupted, based 
on torque input from a power source of the vehicle to the automatic transmission; and 
5 a failure determining portion which determines, while distinguishing between, a first 
failure related to the neutral state of the automatic transmission and a second failure 
that is different from the first failure, based on the detected operating state and the 
estimated operating state. 

[0011] The detecting portion of the failure determining apparatus detects 

10 an operating state (e.g., an input speed) of the automatic transmission. The estimating 
portion estimates the operating state of the automatic transmission based on torque 
input from the power source to the automatic transmission. This operating state is a 
state in which the automatic transmission is in a neutral state in which the 
transmission of power is interrupted. The failure determining portion determines, 

15 while distinguishing between, a first failure related to the neutral state of the 

automatic transmission and a second failure that is different from the first failure, 
based on the detected operating state and the estimated operating state (e.g., based on 
the difference of those operating states, relationship of amounts, or the like). The 
second failure is, for example, a failure related to slipping of a frictional engaging 

20 element with which a gear speed of the automatic transmission is established. When 
the detected operating state is substantially the same as the estimated operating state, 
the failure determining portion determines that the first failure relating to the neutral 
state has occurred in the transmission. When the detected operating state is not 
substantially the same as the estimated operating state, the failure determining portion 

25 determines that the second failure (e.g., a failure relating to slipping of the frictional 
engaging element) which is different from the first failure has occurred. As a result, 
according to the first aspect of the invention, it is possible to determine the failure of 
the automatic transmission, e.g., it is possible to determine, while distinguishing 
between, the first failure related to the neutral state of the automatic transmission and 

30 the second failure related to slipping of a frictional engaging element with which a 
gear speed of the automatic transmission is established. 

[0012] In the first aspect, the input speed of the automatic transmission 
may also be used as the operating state of the automatic transmission. The estimating 
portion may estimate the input speed when the transmission is in the neutral state. 
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The failure determining portion may determine, while distinguishing between, the 
first failure related to the neutral state of the transmission and the second failure (e.g., 
a failure that is related to slipping of the ftictional engaging element) which is 
different from the first failure, based on those input speeds (e.g., based on the 
5 difference in the speeds or based on the difference in amounts). 

[0013] Further, the failure determining portion may determine that the first 
failure related to the automatic transmission being in the neutral state has occurred 
when a difference between the detected input speed and the estimated input speed 
falls below a preset value (i.e., when the difference between the speeds is small), and 

10 determine that the second failure related to slipping of a frictional engaging element 
with which a gear speed of the automatic transmission is established has occurred 
when the difference between the detected input speed and the estimated input speed 
exceeds the preset value (i.e., when the difference between the speeds is large). 

[0014] In the first aspect, the automatic transmission may also include a 

15 first control valve (e.g., a solenoid valve) and a second control valve (e.g., a solenoid 
valve), both of which control hydraulic pressure. The first control valve controls an 
application pressure of the frictional engaging element with which a gear speed of the 
automatic transmission is established and the second control valve regulates the 
pressure of hydraulic fluid discharged from an oil pump. The first failure related to 

20 the neutral state may be a failure of the first control valve, and the second failure 
related to the slipping of the frictional engaging element may be a failxire of the 
second control valve. 

[0015] When the first control valve fails, application pressure stops being 
supplied so the frictional engaging element is no longer able to be applied. As a 

25 result, the automatic transmission becomes in a neutral state in which torque is unable 
to be transmitted. When the second control valve fails, the base pressure of the 
hydraulic fluid decreases such that sufficient hydraulic pressure for applying the 
frictional engaging element is no longer able to be supplied. As a result, the frictional 
engaging element slips. Accordingly, when the neutral state of the automatic 

30 transmission is detected, the failure determining portion determines that the first 

control valve has failed. On the other hand, when slipping of the frictional engaging 
element is detected, the failure determining portion determines that the second control 
valve has failed. 
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[0016] Further, in the first aspect, the failure determining portion may 
determine, while distinguishing between, the first failure related to the neutral state 
and the second failure related to slipping of a frictional engaging element while the 
vehicle is running in a predetermined gear speed. Determination of the failure may be 
5 done when the vehicle is running in a predetermined gear speed, i.e., when the 
automatic transmission is not in the midst of shifting. Accordingly, because the 
failure determining portion will not make a failure determination when the automatic 
transmission is operating normally, a failure is able to be determined accurately. 
[0017] Also, the failure determining portion may determine, while 

10 distinguishing between, the first failure related to the neutral state and the second 
failure related to slipping of a factional engaging element when the speed of the 
power source has fulfilled a preset condition. That is, when the speed of the power 
source has fulfilled a preset condition (e.g., when the difference between the detected 
speed and the calculated synchronous speed is outside of a preset speed range), the 

15 failure determining portion determines, while distinguishing between, the first failure 
related to the neutral state of the automatic transmission and the second failure related 
to slipping of a frictional engaging element. Accordingly, by restricting the period 
during which a failure is determined, it is possible to minimize unnecessary execution 
of the determining routine. 

20 [0018] A second aspect of the invention relates to a method for 

determining a failure in an automatic transmission in a vehicle while running, which 
includes the steps of: A. detecting an operating state of the automatic transmission; B. 
estimating the operating state when the automatic transmission is in a neutral state in 
which transmission of power is interrupted, based on torque input fi-om a power 

25 source of the vehicle to the automatic transmission; C. determining whether a failure 
has occurred in the automatic transmission; and D. when it has been determined that 
the failure has occurred, determining whether that failure is a first failure related to 
the neutral state of the automatic transmission or a second failure that is different from 
the first failure, based on the detected operating state and the estimated operating 

30 state. 

[0019] In step A, the operating state (e.g., an input speed) of the automatic 
transmission is detected. In step B, the operating state of the automatic transmission 
is estimated based on the torque input from the power source of the vehicle to the 
automatic transmission. This operating state is a state in which the automatic 



transmission is in a neutral state in which the transmission of power is interrupted. In 
step C, it is determined whether a failure has occurred in the automatic transmission. 
In step D, it is determined whether that failure is the first failure related to the neutral 
state of the automatic transmission or the second failure that is different from the first 
failure, based on the detected operating state and the estimated operating state (e.g., a 
difference in operating states, relationship between amounts, or the like). The second 
failure may be, for example, a failure related to slipping of a frictional engaging 
element with which a gear speed of the automatic transmission is established. When 
the detected operating state is substantially the same as the estimated operating state, 
it is determined in step D that the first failure relating to the neutral state has occurred 
in the transmission. When the detected operating state is not substantially the same as 
the estimated operating state, it is determined in step D that the second failure (e.g., a 
failure relating to slipping of the frictional engaging element) which is different from 
the first failure has occurred. As a result, according to the second aspect of the 
invention, it is possible to determine a failure of the automatic transmission, e.g., it is 
possible to determine, while distinguishing between, the first failure related to the 
neutral state of the automatic transmission and the second failure related to slipping of 
a frictional engaging element with which the gear speed of the automatic transmission 
is established. 

[0020] In the second aspect of the invention, the input speed of the 
automatic transmission may also be used as the operating state of the automatic 
transmission. 

[0021] Further, in the second aspect of the invention, it may be determined 
in the step D, when it has been determined that the failure has occurred, that that 
failure is a first failure related to the automatic transmission being in the neutral state 
has occurred when a difference between the detected input speed and the estimated 
input speed falls below a preset value (i.e., when the difference in speeds is small), 
and determined that that failvire is a second failure related to slipping of a frictional 
engaging element with which a gear speed of the automatic transmission is 
established has occurred when the difference between the detected input speed and the 
estimated input speed exceeds the preset value (i.e., when the difference in speeds is 
large). 

[0022] In the second aspect of the invention, the first failure related to the 
neutral state may be a failure of a first control valve provided in the automatic 
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transmission, which controls an application pressure of the frictional engaging 
element with which a gear speed of the automatic transmission is established, and the 
second failure related to slipping of the frictional engaging element may be a failure 
of a second control valve provided in the automatic transmission, which regulates a 
5 pressure of hydraulic fluid discharged from an oil pump. 

[0023] When the first control valve fails, application pressure stops being 
supplied so the frictional engaging element is no longer able to be applied. As a 
result, the automatic transmission becomes in a neutral state in which torque is unable 
to be transmitted. When the second control valve fails, the base pressure of the 

10 hydraulic fluid decreases such that sufficient hydraulic pressure for applying the 

frictional engaging element is no longer able to be suppUed. As a result, the frictional 
engaging element slips. Accordingly, when the neutral state of the automatic 
transmission is detected, it is determined in step D that the first control valve has 
failed. On the other hand, when slipping of the frictional engaging element is 

15 detected, it is determined in step D that the second control valve has failed. 

[0024] Further, in the second aspect, it may be determined in step D 
whether the failure is the first failure related to the neutral state of the automatic 
transmission or the second failure related to slipping of a frictional engaging element 
while the vehicle is running in a predetermined gear speed. Accordingly, 

20 determination of the failure may be done when the vehicle is running in a 

predetermined gear speed, i.e., when the automatic transmission is not in the midst of 
shifting. Accordingly, because a failure will not be determined in step D when the 
automatic transmission is operating normally, a failure is able to be determined 
accurately. 

25 [0025] Also, in the second aspect, it may be determined in step D whether 

the failure is the first failure related to the neutral state or the second failure related to 
slipping of a frictional engaging element when the speed of the power source has 
fulfilled a preset condition. That is, when the speed of the power source has fulfilled 
a preset condition (e.g., when the difference between the detected speed and the 

30 C2dculated synchronous speed is outside of a preset speed range), it may be 

determined in step D whether the failure is the first failure related to the neutral state 
or the second failure related to slipping of a frictional engaging element while the 
vehicle is running in a certain gear speed. Accordingly, by restricting the period 



during which a failure is determined, it is possible to minimize unnecessary execution 
of the determining routine. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0026] FIG. 1 is a control block diagram of a power train including an 
5 apparatus for determining a failure according to one exemplary embodiment of the 
invention; 

FIG. 2 is a diagram of a hydraulic pressure circuit included in the 
automatic transmission according to the exemplary embodiment of the invention; 

FIG. 3 is a clutch application chart for the automatic transmission 
10 according to the exemplary embodiment of the invention; 

FIG. 4 is a flowchart illustrating the steps in a routine performed by 
the apparatus for determining a failure according to the exemplary embodiment of the 
invention; and 

FIG. 5 is a timing chart illustrating a shift in a characteristic value 
15 of the automatic transmission according to the exemplary embodiment of the 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0027] Hereinafter, exemplary embodiments of the invention will be 

20 described in detail with reference to the appended drawings. In the drawings, like 
members will be denoted by like reference numerals throughout, and descriptions 
thereof are omitted. 

[0028] FIG. 1 is a control block diagram of a power train including an 
apparatus for determining a failure according to one exemplary embodiment of the 

25 invention. The power train includes an ECT_ECU (Electronically Controlled 

Automatic Transmission_Electronic Control Unit) 100, an automatic transmission 
102, an engine 106, a torque converter 108, and an oil pump 200. The automatic 
transmission 102 includes a base pressure control valve 130, a direct pressure control 
VEilve 132, and a frictional engaging element 134. 

30 [0029] The ECT^ECU 100 detects a speed of the vehicle based on signals 

sent from a vehicle speed sensor 112. The ECT_ECU 100 detects a throttle opening 
amount based on signals sent from a throttle sensor 114. The ECT_ECU 100 also 
detects a speed of the engine 106 based on signals sent from an engine speed sensor 
116. 
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[0030] The ECT_ECU 100 calculates a shift lever position of the 
automatic transmission 102 based on signals sent from a shift lever position sensor 
118. The ECT_ECU 100 detects an input speed of the automatic transmission 102 
based on signals sent from a turbine speed sensor 120* The ECT_ECU 100 detects an 
5 output speed of the automatic transnfiission 102 based on signals sent from an output 
speed sensor 122. 

[0031] The ECT_ECU 100 includes a timer 150 with which it measures 
the processing time of the routine (e.g., the time for calculating an abnormal value). 
In this way, the ECT_ECU 100 may also measure the time of a routine and determine 

10 whether to execute the next routine depending on whether that time is short or long. 
For example, if the measured time is shorter than a preset time (i.e., when it is 
conceivable that an abnormality was detected only temporarily due to disturbance or 
some other cause), the ECT_ECU 100 can stop execution of the determination routine 
thereafter. Accordingly, temporary abnormalities are not made objects for 

15 determination in the determination routine so the frequency with which the failure 
determination routine is executed is reduced. 

[0032] The ECT^ECU 100 calculates a synchronous speed (i.e., a 
calculated turbine speed) based on the output speed and the gear ratio of the automatic 
transmission 102. The ECT_ECU 100 then calculates an output torque of the engine 

20 106 based on the throttle opening amount and a fiiel injection quantity. The 

ECT_ECU 100 then calculates an estimated turbine speed for when the automatic 
transmission 102 is in a neutral state based on the calculated output torque. 

[0033] "Neutral state" in this case refers to a state in which the 
transmission of torque input to the automatic transmission 102 is interrupted. At this 

25 time, the fiictional engaging element 134 is unapplied (or slipping) to a degree 

whereby torque is not transmitted due to, for example, an abnormality in the direct 
pressure control valve 132 whereby hydraulic pressure necessary to apply the 
fiictional engaging element 134 is not able to be generated such that a predetermined 
gear speed is not able to be achieved. 

30 [0034] The ECT_ECU 100 outputs a signal to the base pressure control 

valve 130 and controls the base pressure (so-called line pressure) supplied to the 
automatic transmission 102. The ECT_ECU 100 then outputs a signal to the direct 
pressure control valve 132 so as to control the hydraulic pressure of the hydraulic 
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fluid supplied to the frictional engaging element 134. The frictional engaging element 
134 then becomes applied based on the hydraulic pressure of the hydraulic fluid. 

[0035] FIG. 2 is a diagram of a hydraulic pressure circuit included in the 
automatic transmission 102 according to the exemplary embodiment of the invention. 
5 The hydraulic fluid discharged from the oil pump 200 is sent to the base pressure 

control valve 130 via a hydraulic fluid passage 202. The base pressure control valve 
130 regulates the hydraulic pressure of the hydraulic fluid so as to generate the base 
pressure (i.e., line pressure). The direct pressure control valve 132 controls the base 
pressure so as to generate application pressure to be supplied to the frictional 

10 engaging element 134. 

[0036] Referring to FIG. 2, if the base pressure control valve 130 fails, it is 
unable to generate sufficient base pressure so sufficient application pressure is unable 
to be supplied to the frictional engaging element 134. As a result, the torque capacity 
of the frictional engaging element 134 decreases and the frictional engaging element 

15 134 starts to slip. Therefore, only a portion of the torque input from the engine 106 to 
the automatic transmission 102 is transmitted. 

[0037] On the other hand, if the direct pressure control valve 132 fails, the 
necessary application pressure is no longer able to be supplied to the frictional 
engaging element 134. As a result, the frictional engaging element 134 is no longer 

20 able to transmit torque, and the automatic transmission 102 becomes in a neutral state. 

[0038] In either case, the load on the engine 106 decreases so the speed of 
the engine 106 increases. In this case, the speed of the engine 106 when the automatic 
transmission 102 is in the neutral state is higher than when the frictional engaging 
element 134 is slipping because there is almost no load on the engine when the 

25 automatic transmission 102 is in a neutral state. 

[0039] FIG. 3 is a clutch application chart for the automatic transmission 
102 according to the exemplary embodiment of the invention. Reference characters 
"CI" to "C3" and "Bl" to "B4" denote frictional engaging elements. The single 
circle in the chart indicates that the engaging element is applied. At this time, torque 

30 input to the automatic transmission 102 is transmitted to that engaging element. The 
double circle in the chart indicates that the engaging element is applied only when the 
engine brake is on, and the solid circle indicates that the engaging element is applied 
but no torque is being transmitted. 
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[0040] If the hydraulic pressure supplied to a frictional engaging element 
falls due to an abnormality of the direct pressure control valve 132, that fiictional 
engaging element becomes unapplied. For example, referring to FIG. 3, when the 
automatic transmission 102 is in "4th" (i.e., fourth speed), "CI" and "C2" are applied 
5 such that torque is transmitted. Although "C3" and "B3" are also applied, they do not 
transmit any torque. In this state, if the hydraulic pressure supplied to one or both of 
the "CI" and the "C2" falls due to an abnormality of the direct pressure control valve 
132, one or both of those frictional engaging elements become unapplied. That is, at 
least one of the "CI" and the "C2" start to slip, which interrupts transmission of the 

10 torque. In this case, because the load on the engine 106 is reduced, the turbine speed 
increases from the output torque of the engine 106. Accordingly, the automatic 
transmission 102 becomes in a neutral state. 

[0041] The steps of the routine performed by the apparatus for 
determining a failure according to the exemplary embodiment of the invention will 

15 now be described based on the flowchart shown in FIG. 4. 

[0042] In step S102, the ECT_ECU 100 detects the operating state (i.e., 
the throttle opening amount, engine speed, fiiel injection quantity, intake air quantity, 
or the like) of the vehicle. That operating state is then used to calculate the output 
torque of the engine 106 or the synchronous speed or the like. 

20 [0043] In step S 104, the ECT^ECU 100 detects the operating state (i.e., 

shift lever position, turbine speed NT, output speed, AT solenoid signal, and the like) 
of the automatic transmission 102. The ECT_ECU 100 then calculates the estimated 
turbine speed (i.e., the engine speed) when the automatic transmission 102 is in the 
neutral state based on these signals. 

25 [0044] In step S 106, the ECT.ECU 100 determines whether a shifting 

routine of the automatic transmission 102 is being executed based on the shift lever 
position and the AT solenoid signal. This determination enables a shifting routine in 
which the turbine speed changes when the automatic transmission 102 is operating 
normally to be excluded as an object for the failure determination routine. When the 

30 shifting process of the automatic transmission 102 is being executed (i.e., YES in step 
S 106), the routine ends. When the shifting process in not being executed (i.e., NO in 
step S106), the routine proceeds on to step S108. 

[0045] In step S 108, the ECT_ECU 100 determines whether a difference 
between the turbine speed and the synchronous speed exceeds a preset value a. When 
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the difference between the turbine speed and the synchronous speed exceeds the 
preset value a (i.e., YES in step S108), the routine proceeds on to step SI 10. When 
the difference between the turbine speed and the synchronous speed does not exceed 
the preset value a (i.e., NO in step S108), the routine proceeds on to step SI 18. 
5 [0046] In step S 1 1 0, the ECT^ECU 1 00 calculates a difference (i.e., ANT) 

between the calculated estimated turbine speed and the detected actual turbine speed. 

[0047] In step S 1 1 2, the ECT^ECU 1 00 determined whether the ANT is 
smaller than a preset speed (5. When it is determined that the ANT is smaller than the 
preset speed p (i.e., YES in step SI 12), the routine proceeds on to step S114. When it 

10 is determined that the ANT is not smaller than the preset speed p (i.e., NO in step 
S 1 12), the routine proceeds on to step S 1 16. 

[0048] In step SI 14, the ECT^ECU 100 determines that there is an 
interruption in the transmission of torque input from the engine 106 to the automatic 
transmission 102, i.e., that the automatic transmission 102 is in a neutral state. In this 

15 case, hydraulic pressure is not being supplied to the frictional engaging element 134 
so it is diagnose that there is an abnormality in the direct pressure control valve 132; 

[0049] In step S 1 16, the ECT_ECU 100 determines that the frictional 
engaging element 134 is slipping. In this case, sufficient base pressure (i.e., line 
pressure) is not being generated so it is diagnosed that there is an abnormality in the 

20 base pressure control valve 130. At this time, only a portion of the torque input from 
the engine 106 to the automatic transmission 102 is actually being transmitted. It is 
also conceivable that the cause for the insufficient line pressure is that the oil pump 
200 is not generating sufficient pressure. Therefore, it may also be determined that 
there is an abnormality in the oil pump 200 as well as in the base pressure control 

25 valve 130. 

[0050] In step S 1 1 8, the ECT^ECU 100 determines that the torque input 
from the engine 106 to the automatic transmission 102 is being treuismitted normally. 
At this time, the automatic transmission 102 and the hydraulic pressure circuit are 
operating normally. 

30 [0051] In step S 1 20, the ECT^ECU 100 outputs a signal indicative of the 

determined state to an indicating device or memory or the like. This signal may be, 
for example, a signal indicating that the automatic transmission 102 is operating 
normally, a signal indicating that there is an abnormality in the base pressure control 
valve 130, or a signal indicating that there is an abnormality in the direct pressure 
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control valve 132, or the like. When the speed of the engine 106 increases, the state 
of the automatic transmission 102 can be diagnosed by this signal. Accordingly, it is 
easy to identify the location of the abnormality, thus facilitating quick replacement or 
repair of parts and the like. 
5 [0052] Hereinafter, operation of the apparatus for determining a failure 

according to the exemplary embodiment of the invention will be described based on 
the foregoing construction and flowchart in a case in which the vehicle is running in a 
certain gear speed. 

[0053] When the vehicle is running with the automatic transmission in a 

10 predetermined gear speed, the speed or fuel injection quantity or the like of the engine 
106 is detected (step SI 02). Also, the output speed or turbine speed of the automatic 
transmission 102 is detected and the synchronous speed for that gear speed is 
calculated (step SI 04). When the automatic transmission 102 is not in the middle of a 
shift (i.e., NO in step S106) and the difference between the turbine speed and the 

15 synchronous speed exceeds the preset value a (i.e., YES in step S108), the difference 
between the estimated turbine speed when the automatic transmission 102 is in the 
neutral state and the actual turbine speed is calculated (step SI 10). 

[0054] When this difference is equal to, or less than, the preset speed (3 
(i.e., YES in step SI 12), it is determined that the automatic transmission 102 is in the 

20 neutral state (step SI 14). A signal indicative of that determination is then output (step 
S120). It can then be determined based on this signal that there is an abnormality in 
the base pressure control valve 130 of the automatic transmission 102. 

[0055] FIG. 5 is a timing chart illustrating a shift in a characteristic value 
of the automatic transmission according to the exemplary embodiment of the 

25 invention. The solid line (A) indicates the synchronous speed calculated from the 

output speed and the gear ratio of the automatic transmission 102. The dotted line (B) 
indicates the speed detected when the factional engaging element is partially applied. 
The dotted line (C) indicates the speed detected when the automatic transmission 102 
is in the neutral state. The solid line (D) indicates the estimated speed when the 

30 automatic transmission 102 is in the neutral state, which is calculated based on the 
torque input thereto. 

[0056] Referring to FIG. 5, a failure occurs in the automatic transmission 
102 at time t(0). At time t(l), the difference between the actual turbine speed and the 
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synchronous speed exceeds the preset value a. At this time, an abnormality is 
detected in the automatic transmission 102. 

[0057] After time T has elapsed, the ANT, which is the difference between 
the estimated turbine speed (i.e., estimated NT) and the actual turbine speed, is 
5 calculated at time t(2). For example, when the detected speed is NT(1) (i.e., dotted 
line (C)), ANT(l) is calculated. In this case, it is determined that the automatic 
transmission 102 is in a neutral state and that there is a failure in the direct pressure 
control valve 132. On the other hand, when the detected speed is ANT(2) (i.e., dotted 
line (B)), it is determined that the frictional engaging element is slipping and that 

10 there is a failure in the base pressure control valve 130. 

[0058] This time T may also be set in accordance with the characteristic of 
the automatic transmission 102 (e.g., the amount of torque transmitted) or the state 
(e.g., by gear speed) of the automatic transmission 102. Accordingly, it is possible to 
accurately determine whether a failure has occurred. 

15 [0059] Then, at time t(3), i.e., after the determination time (= t(3) - 1(2)) 

elapses, a signal indicative of the state of the automatic transmission 102 is output. 
Accordingly, setting the determination time in this way enables the state of the 
automatic transnwssion 102 to be determined accurately. 

[0060] Accordingly, it is possible to make the characteristic value (i.e., the 

20 input speed estimated when torque is not being transmitted) indicative of the state of 
the automatic transmission 102 a criteria for the determination. Based on this criteria, 
it is possible to determine the cause of the speed of the engine 106 increasing above 
the synchronous speed (i.e., the speed calculated based on the output speed and the 
gear ratio of the automatic transmission 102). That is, when the automatic 

25 transmission 102 is in the neutral state in which no torque is being transmitted, it is 
estimated that there is a failure in the direct pressure control valve 132. On the other 
hand, when the ftictional engaging element is slipping such that not enough torque is 
being transmitted, it is determined that there is an abnoraiality in the base pressure 
control valve 130. Accordingly, it is possible to provide an apparatus for determining 

30 a failure, which is capable of accurately determining the cause of the increase in the 
speed of the power source. 

[0061] The invention may be embodied in other specific forms without 
departing from the spirit or essential characteristics thereof. The present 
embodiments are therefore to be considered in all respects as illustrative and not 
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restrictive, the scope of the invention being indicated by the appended claims rather 
than by the foregoing description, and all changes which come within the meaning 
and range of equivalency of the claims are therefore intended to be embraced therein. 



